The world imbalance of dietary essential amino acids was studied using the latest available protein-supply data (1987-89) and the revised 1989 FAO/WHO protein scoring pattern in comparison with the 1973 FAO/WHO pattern, the 1985 FAO/WHO/UNU pattern, and a pattern proposed by Young et al. in 1989 The results obtained using the 1989 FAO/WHO scoring pattern indicate that the first limiting amino acid for developed countries is usually tryptophan, and that for developing countries is mainly lysine. Similar findings resulted with the Young pattern, but results using the 1973 and 1985 patterns differed substantially. On the basis of the 1989 FAO/WHO pattern, lysine was found to be the first limiting amino acid in the dietary protein supplies of 121 of the 164 countries studied worldwide; it is estimated that the total lysine deficiency in these 121 countries, the amount that would be needed to bring it to the level of the second limiting amino acid, was 1.15 million metric tons per year for 1987-89. In addition, same global correlations of protein and amino acid supplies with gross domestic product were recalculated in US dollars at 1985 prices.
Introduction
In an earlier paper [1] , I reported on the imbalance between supplies of and requirements for essential amino acids (EAA) by country, region, and economic system and for the world, with averages for four threeyear periods, 1972-74, 1975-77, 1979-81, and 198486 , calculated in accordance with the 1973 FAO/WHO scoring pattern [2] , the 1985 FAO/ WHO/UNU scoring pattern [3] , and a scoring pattern proposed in 1989 by Young et al. [4, 5] .
In 1989, on the basis of new evidence, FAO/WHO published a revised EAA scoring pattern [6] to correct the 1985 pattern. The 1989 report recommended that the amino acid composition of human milk should continue to be the basis of the scoring pattern to evaluate protein quality in foods for infants under 1 year of age, but that the amino acid scoring pattern proposed in 1985 by FAO/ WHO/ UNU for children of preschool age (2-5 years) should be used to evaluate dietary protein quality for all age groups above infancy (table 1). The 1989 FAO/WHO pattern has EAA requirements similar to those of the Young pattern but with a higher requirement for lysine, a slightly higher requirement for tryptophan, and a slightly lower one for leucine.
In addition, the statistical data for average annual protein supply and gross domestic product (GDP) by country are now available for 1987-89.
In view of the worldwide significance of those developments, the change in the calculated nutritional imbalance of EAA is here re-evaluated using the 1989 FAO/WHO scoring pattern in comparison with the previous patterns to revise the conclusions of my earlier paper [1] . (Part of this study has been presented elsewhere [7] .) Furthermore, the correlations of GDP with total protein supplies and animal protein ratios (APR) are recalculated in US dollars at 1985 prices to update similar data in the previous paper.
Computations and findings
Correlations of GDP with protein supplies and animal protein ratios
In the same manner as before [1] , semi-logarithmic correlations of GDP per capita per year in US dollars at 1985 prices [8, 9] with total protein supplies per capita per day and with APRs were computed on a world basis by pooling statistical data from 161 countries for 1972-74, 1975-77, 1979-81, 1984-86 , and 1987-89 averages from FAO food balance sheets and related information [10] :
The computation was done by the least-squares method, with the data statistically weighted according to population. The GDP figures in US dollars at 1985 prices were derived using implicit price deflators from the GDP figures at the current prices in each country.
These correlation formulas and related coefficients are shown in table 2. The slopes of the world standard correlations as an average of the five periods from 1972 to 1989 at 1985 prices have moved a little to the left from those as an average of the four periods from 1972 to 1986 at 1980 prices reported earlier [1] . This movement means that protein food prices rose owing to inflation from 1980 to 1985.
Dietary imbalances of EAAs are closely correlated with the APRs of the countries studied and are also related to total protein supplies and to GDP. in US dollars at 1985 prices, total protein supplies per  capita per day, and APRs for 161 countries for which  correlations were computed are shown in table 3 . In general, countries in which the first limiting amino acid (LAA) of the dietary protein is lysine have average annual incomes of approximately US$4,000 per capita, total protein intakes below 80 g per capita per day, and APRs below 50%. How ever, the imbalance of EAAs is also affected by different food patterns in different countries. For example, in Mexico, tryptophan rather than lysine is the first LAA, even though the APR was 38.4% in 1987-89. This is because their staple cereal food, maize, is deficient in tryptophan and the supplies of animal protein and pulses are relatively high, with recent improvement in the composition of the average national diet. Isoleucine  40  81  53  31  29  28  20  10  70  26  70  31   Leucine  70  163  113  73  52  44  31  14  161  49  161  73   Lysine  55  116  91  64  50  44  29  12  103  38  103  64   SAA  35  74  48  27  24  22  18  13  58  19  58  27   AAA  60  126  104  69  37  22  18  14  125  49  125  69   Threonine  40  75  58  37  31  28 
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EAA supplies and requirements
The EAA supplies and requirements by country were computed in the same manner as reported previously [1] . For the average annual EAA supplies for the periods between 1972 and 1986 by country, region, economic class, and for the world, the quantities estimated earlier were used again for this study. For 1987-89, the computation was done using FAO food balance information for the period [10] and official amino acid food composition data [11] [12] [13] [14] [15] .
The EAA requirements by country, region, and economic level and for the world for the above four periods and the updated 1987-89 average were estimated using the previous 1973, 1985, and Young scoring patterns and the newly revised 1989 FAO/ WHO pattern. The latter has higher requirements for lysine and leucine than the 1985 pattern and lower requirements for sulphur-containing amino acids for those above the age of 2 years. Therefore, the EAA requirements related to body weight for these age groups are important, as they account for 95%-97% in the aggregate. Also, the 1989 FAO/ WHO pattern has a higher requirement for lysine, a slightly higher one for tryptophan, and a slightly lower one for leucine for age groups above 2 years, even in comparison with the Young pattern.
For the Young scoring pattern, the same EAA values as in the 1989 FAD/WHO pattern are used in this study for the age group 0-1 year, whereas in the earlier paper [1] , the values of the 1985 pattern were used also for the Young pattern for that age group. Thus the results based on these scoring patterns can be compared easily; however, these two patterns make little difference to the EAA imbalance in the population as a whole.
Body weights for estimating EAA requirements by age group were calculated using age distributions for each country in relation to the relevant time periods [16] [17] [18] , and the individual body weights by age group were assumed for two national-origin groupings, European/ American and African/Asian/ Mediterranean (table 4) [19] [20] [21] . The EAA requirements by country and regional group are thus estimated from the total body weights and each of the scoring patterns. An EAA I.I. below 1.0 shows a relative deficiency and one above 1.0 a relative excess. The first LAA is thus defined by the minimum value among the various EAA I.I.s Current balances between EAA supplies and requirements Table 5 summarizes recent balances between EAA supplies and requirements for 26 countries with populations of more than 35 million among the 164 countries for which protein supply data in 1987-89 were studied, on the basis of the four scoring patterns. It also shows the deficiencies of the first LAA relative to the second in tons per year and the ratios of supplies to requirements for the first LAA (S: R ratio).
As found earlier [1] , the first LAAs in the higher-GDP countries on the basis of the 1973, 1985, and Young patterns are threonine (Thr), sulphur-containing amino acids (SAA), and leucine (Leu) respectively; tryptophan (Trp) becomes the first LAA on the basis of the 1989 FAD/WHO pattern. In the lower-GDP countries, on the other hand, the first LAA is mainly lysine (Lys) for all four patterns. In some countries with a medium GDP, the first LAA shows a tendency to move from Lys to Thr, SAA, Leu, or Trp.
The deficiency of Lys in the 1987-89 average is estimated to reach approximately 1.2 million metric tons, and it is larger for the 1989 FAD/WHO pattern than for the Young pattern.
The S:R ratios for the first LAA range from 0.33 in Viet Nam to 2.06 in France for the 1989 FAO/ WHO scoring pattern, noticeably smaller than for the Young pattern. The ratios will improve as the APRs increase, as shown in figure 1 . The linear regression is represented by the following formula as a world standard, based on pooling the data statistically weighted according to population from 161 countries for the 1987-89 average. S: R ratio = 0.0204 APR + 0.6355.
For this formula, APR is the animal protein ratio expressed as percentage, and the correlation coefficient is 0.902. In most countries where Lys is the first LAA, the S:R ratios are below about 1.5 and the animal protein ratios are below about 50%. Table 6 presents average protein supplies and EAA balances in 1987-89 by region and economic level and for the world. The first LAA for the world changes from Thr for the 1973 scoring pattern to SAA for the 1985 pattern and to Lys for the Young and 1989 FAD/WHO patterns. However, the imbalance index of 0.748 for Lys throughout the world according to the 1989 pattern is smaller than that of 0.836 according to the Young pattern; i.e., the degree of imbalance is greater. Although the S: R ratio for Lys is 1.31 on an average for the world, the ratio for all developed countries is 1.93, indicating an abundant excess, and that for all developing countries is 1.05, indicating little excess over the requirement on average. Therefore, it appears that the deficiency of Lys in many of these developing regions is serious, especially in Africa and the Far East, where the S:R ratios are often below 1.00. Table 7 shows the differences between the first LAA for the 1989 FAD/WHO pattern and those for the earlier patterns in 127 countries with populations of more than 1 million in 1987-89. It shows that the total number of countries where Lys is the first LAA increased substantially for the 1989 FAO/ WHO scoring pattern.
In that respect, to change favourably from Lys as the first LAA to Trp according to the 1989 scoring pattern, it is generally expected that total dietary protein supplies would have to increase to approximately 80 g per capita per day and APRs would have to rise to approximately 50% (excluding some countries where a variety of vegetable protein sources besides cereals are consumed). In most countries where Lys as the first LAA is very deficient, the S:R ratios are below 1.00. Therefore, it would appear that a great part of the population in these countries may be consuming diets low in available protein. The severity of protein malnutrition would, of course, be greatest for children.
Among 164 countries throughout the world for which an EAA imbalance was computed for the 1987-89 data, 121 were indicated to be deficient in Lys. These countries are mainly in developing regions, and the total Lys deficiency amounts to 1.15 million metric tons per year. As a result, the total unavailable EAA for these countries is estimated to be 11 million metric tons per year, or about one-third of the total EAA supply of approximately 33 million metric tons per year for 1987-89. If the supply of Lys in these countries were supplemented by 1.15 million tons per year, bringing it to the level of the second LAA, the additional EAAs that would be made nutritionally available would amount to approximately 6.5 million tons, more than five times the amount of the supplemental Lys. With that, the total protein (EAAs and non-EAAs) that could be used effectively would increase by approximately 17 million tons, approximately 20% of the 85 million tons of total protein supplies.
In 1987-89, world protein and EAA supplies were approximately 132 and 53 million tons per year respectively. The additional amount of protein and EAAs that would be made available with the Lys supplement would amount to approximately 12% of these supplies. Therefore, Lys supplementation could potentially effect an economical improvement of protein nutrition in underdeveloped parts of the world. It is anticipated that the imbalance of Lys could be greatly improved either by fortifying cereals and other foods with lysine or by breeding acceptable plant sources of protein higher in lysine, as well as by greater use of locally available high-lysine plant foods such as legumes.
Dynamic relationship between EAA I.I.s and APRs Figure 2 plots the shifts in EAA I.I.s for the first LAA relative to APRs according to the 1989 FAO/ WHO scoring pattern in 23 major countries for 1972-74, 1975-77, 1979-81, 1984-86, and 198789 . A change in the first LAA from Lys in countries with low APRs to Trp in those at higher APR levels is shown in an upward belt zone. The world correlations of GDP and S: R ratios with APRs for 1972 to 1989 are also shown.
Conclusion
Re-evaluation of the deta on protein supply from 1972 to 1989 according to the 1989 FAO/WHO scoring pattern reveals a significant change in the calculated world imbalance of EAA compared with estimates based on the 1985 FAO/WHO/UNU pattern. Furthermore, the 1989 FAO/WHO pattern suggests even higher levels of Lys and Trp than proposed in 1989 [4] . Thus, on the basis of the 1989 FAO/WHO scoring pattern, of the 164 countries studied for 1987-89, deficiencies of Lys as the first LAA are estimated at a total of 1.15 million metric tons for the 121 developing countries having low APRs.
In contrast, the first LAA for the majority of industrialized countries having higher APRs is Trp. Improvement of protein nutrition in the developing countries hinges on measures to increase their lysine intake, either by fortification of lysine-deficient staple foods or by increased use of legumes or other high-lysine plant foods.
